The recombinant Aspergillus awamori strain carrying the mutant glucoamylase-encoding gene in which the entire Thr/Ser-rich Gp-I domain was deleted abolished secretion of mutant glucoamylase. The transcription of the Bip-encoding bipA was low in the wild type (wt) strain, but elevated in the recombinant strain under the condition of glaA expression. The results indicate that the Gp-I domain is vital for glucoamylase secretion.
The filamentous fungus Aspergillus awamori var. kawachi secretes large amounts of glucoamylase I (GAI) encoded by the glaA gene. GAI has the potential to digest insoluble raw starch and this property is closely associated with three domain structures: an amino terminal catalytic domain, an O-glycosylated Thr/Serrich Gp-I domain, and a carboxy terminal starch-binding domain. The heavily O-glycosylated Gp-I domain (A 470 -V 514 ) is a stretched structure with oligosaccharides composed mainly of mannose moieties ranging in size from 1 to 3. 1, 2) Functional analysis of the catalytic and the starch-binding domains has been extensively employed and the three-dimensional structure of these domains is known, while the structure and function of the internal Gp-I still remain to be investigated. The Olinked oligosaccharides in Gp-I were found to be responsible for enzyme stability and enhanced activity on raw starch. 3, 4) Furthermore, the deletion of Gp-I in the GAI molecule resulted in reduced secretion when GAI was heterologously expressed in yeast cells.
5-7)
It is well-documented that the secretion of proteins requires correct folding of the newly synthesized proteins in the endoplasmic reticulum (ER). 8) Malfolded proteins in the ER are subjected to a refolding process by the ER resident-chaperons. Bip is one of the chaperons well-known as the hsp70 family protein and is induced by malfolded proteins. 9) In this paper, we describe the response of the Bip-encoding bipA gene under the condition that the mutant glaA as well as the wt glaA is expressed in A. awamori var. kawachi, and discuss the role of the Gp-I domain.
In order to replace the wt glaA gene with the mutant glaA gene in which 45 amino acids (A470-V514) within the Gp-I region were deleted, the plasmid designated as pMG4022 was constructed by the insertion of the mutant glaA expression cassette including the wt glaA promoter, the mutant glaA-cDNA, 6) and the bipA terminator into the upstream of the hph gene as a selective marker of pMG12.
10) The wild type (wt) strain of A. awamori var. kawachi was transformed with the linearized pMG4022 as described previously. 10) Site-specific recombination of the expression cassettes carrying the mutant glaAÁgp1 and the hph at the wt glaA locus on chromosomal DNA was confirmed in the selected hygromycine resistant transformant (strain 301) by Southern blot analysis (data not shown).
The wt strain and strain 301 carrying the mutant glaA gene were cultivated in culture A medium containing 3% maltose for 24 h at 30 C to allow production of GA. Culture filtrates as extracellular proteins were directly subjected to SDS-PAGE. Mycelia were washed and lysed in the 9 M urea buffer and the extracted proteins were obtained as intracellular proteins. Ten micrograms of intracellular proteins from wt and ten micrograms from strain 301 were subjected to SDS-PAGE. Immunoblotting using anti-GAI antibody purified by GAIcoupled Sepharose and recognizing the entire structure of GAI was done to compare the level of GA. Secretion of wt GAI was readily observed after 3 h of incubation (Fig. 1A) . On the other hand, no secretion was observed in strain 301 even after 24 h. This result was in agreement with that obtained in the yeast system, as previously described. 6) In the case of intracellular proteins, large amounts of wt GAI were observed in the wt strain (Fig. 1B) .
Strain 301 carrying the mutant glaA gene was cultivated in 100-ml of culture A medium with 2% glucose for 54 h and the mycelia thus grown were filtered and washed. The mycelia were then transferred to the new culture A medium with 3% maltose as an y To whom correspondence should be addressed. Tel/Fax: +81-92-642-2851; E-mail: m goto@agr.kyushu-u.ac.jp Abbreviations: GA, glucoamylase; wt, wild type Biosci. Biotechnol. Biochem., 68 (4), [961] [962] [963] 2004 Note inducer for glaA expression and further incubated for 2 h and 4 h. After the cells were harvested, the total RNA was prepared and 10 "g of RNA was subjected to denatured agarose gel. Transcripts of the glaA and bipA were detected by Northern blotting using glaA-cDNA and bipA-cDNA (GenBank accession No. AF183893) as the probe DNA (Fig. 2) . The glaA transcriptions in the wt and mutant strains were strongly induced by maltose, while the amounts of the galAÁgp1 transcript in strain 301 were lesser than that of the glaA in the wt strain. The bipA was slightly transcribed in the wt strain in spite of the high level of glaA expression. In contrast, the bipA gene was transcribed in relatively high amounts in strain 301 carrying the mutant glaAÁgp1 under the same conditions.
It is known that correct folding of a protein in ER is important for secretion of the protein. 9) Internal deletion of the entire Gp-I domain abolished GA secretion (Fig. 1) , indicating that the Gp-I domain is absolutely required for the secretion of GAI. No apparent band corresponding to mutant GA on SDS-PAGE was detected in strain 301 (Fig. 1) . It is likely that mutant GA was transiently degraded by proteases, because it is believed that the malfolded proteins are subjected to proteolytic degradation by the proteasome pathway as quality control in ER 9) when chaperones such as the BipA protein fail to fold properly. The bipA transcript was induced in the mutant strain carrying the glaAÁgp1 under the condition that the glaAÁgp1 gene was expressed. These results imply that the secretion of GAÁGpI would be abolished by incorrect folding. Hence, the Gp-I domain is vital for correct folding and subsequent secretion of GAI. Our previous studies of expression of the glaA gene in the mannosyltransferase mutants of yeast reveal that the mannose chains linked to Thr/Ser residues in the Gp-I domain are unlikely to be involved in the secretion of GAI. 4) Therefore the Gp-I polypeptide but not the sugar chains may contribute to proper folding. Strains wt and 301 were cultivated in a liquid medium with 3% maltose. After 3, 6, 12, and 24 h, culture filtrates and mycelia were obtained as described in the text. Lane 1: GAI (A) and mass marker proteins with GAI (B). Lanes 2-5: proteins from the wt strain after 3, 6, 12, and 24 h of incubation respectively. Lanes 6-9: proteins from strain 301 after 3, 6, 12, and 24 h of incubation respectively. GAI 0 denotes the catalytic domain derived from proteolytic cleavage of GAI. Ten "g of total RNA was loaded onto agarose gel. Hybridization with glaA-cDNA and bipA-cDNA labeled with digoxigenin-11-dUTP was done as described in the text. Lanes 1 and 2: the wt strain after glaA-induction for 2 h and 4 h respectively; Lanes 3 and 4: strain 301 after the mutant glaA-induction for 2 h and 4 h respectively.
